Ultraviolet light-emitting diodes (UV-LEDs) have started replacing ultraviolet lamps. The power of UV-LEDs has greatly improved and the cost has decreased. In this paper, we attempt to understand the technologies and potential of UV-LEDs.
Summary
In recent years, as people are becoming more concerned about protecting the environment, and in light of INC5, where it was made clear that production, use, and trade of mercury will be reduced, the role of UV-LEDs is becoming more important.
UV-LEDs are light-emitting diodes (LEDs) that emit ultraviolet rays with a wavelength of approximately 400 nm or shorter. They are divided into near-ultraviolet light-emitting diodes (NUV-LEDs), whose emission wavelength is approximately 300 400 nm, and deep-ultraviolet LEDs (DUV-LEDs), whose emission wavelength is approximately 200 300 nm. UV-LEDs are promising candidates for various applications: replacing ultraviolet lamps; fluorescence light sources for lighting and displays; high-resolution light sources for microscopes and exposure machines; light sources for chemical excitation as used for resin curing, medicine, and biotechnology; excitation light sources for spectroscopy as used for banknote identification, DNA chips, and environmental monitoring; sanitary light sources for disinfection and sterilization (figure 1).
The external quantum efficiency of NUV-LED, in particular, has greatly improved because of developments in crystal growth, chip processing, and packaging technologies, reaching 30% at a wavelength of 365 nm, 50% at 385 nm, and 60% at 405 nm (our product) [1] . High-power UV-LEDs at a wavelength of 365 nm has reached 24 W (30 A) (figure 2), which is 200 times the values from 12 years ago, 118 mW (500 mA) [2] . The cost of these high-power LEDs has decreased as a result of mass production, making them available for various applications.
In comparison to UV lamps, UV-LEDs are not only mercury free, but also have 1) a higher energy efficiency, 2) a longer lifetime, 3) more constant light intensity, and 4) it is easy to control their temperature and heat (figure 3). For all these reasons, UV-LEDs are expected to be more widely used in the future [3] .
We have succeed to obtain an output of 24 W(30 A) at a wavelength of 365 nm and 54 W(45 A) at a wavelength of 385 nm by the 64pcs v-chip mounted module on the 50 mm square copper substrate in Feb. 2015 (figure 2).
Moreover, since the current mainstream white LEDs, which use blue LEDs and yellow phosphors, are not very good at colour rendering, UV-red, green, and blue (RGB) white LEDs (which produce white light by exciting phosphors of the three RGB colours with UV) are highly anticipated as a next-generation lighting device [4] .
We have developed white LEDs made of 400 nm NUV-LEDs and RGB phosphors with a performance of 100lm/W, when used as the backlight for LCD TVs, they showed a high colour reproducibility of over 100% for NTSC, and when used as white light, they showed a high colour rendering index of Ra97 or higher (figure 4).
In this paper, we discuss the flow of the technological development to increase the power and efficiency, and the future of UV-LEDs in the NUV range. 
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